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Description 

[Shaped Charge Loading Tube for a 

Perforating Gun] 

Background of Invention 

[0001] The present invention relates in general to downhole per- 
forating gun assemblies. More particularly the present in- 
vention relates to a loading tube for holding charges for 
insertion into a perforating gun carrier. 

[0002] a perforating gun is commonly used to form perforations 
in a wellbore to increase the production between the well- 
bore and the producing formation adjacent to the well- 
bore. The perforating gun may be part of a perforating 
gun assembly, an assembly that may include several per- 
forating guns and other components. The perforating gun 
and associated assembly are selected based on wellbore 
and producing formation characteristics. Some of the cri- 
teria for a particular perforating gun will be the shot spac- 
ing, shot phasing and the perforating length for the per- 
foration gun. 



[0003] The perforating gun assembly is typically positioned 

downhole to the desired perforating depth via a wireline 
or tubing, as examples. The firing of the perforating gun 
normally involves detonating its shaped charges that cre- 
ate radial perforation jets when detonated to form perfo- 
ration tunnels from the wellbore into the producing for- 
mation. 

[0004] Each perforating gun may consist of an outer cylindrical 
tube, often referred to as a carrier, and a loading tube lo- 
cated inside of the carrier. The carrier acts like a pressure 
vessel for the perforating gun and the shaped charges. 
One of the main functions of the loading tube is to me- 
chanically hold the shaped charges within the carrier at a 
certain phasing and spacing. 

[0005] | n the past, the loading tube has primarily been con- 
structed of metallic materials. In particular, the loading 
tubes are commonly constructed of cut round steel tubes 
to achieve the desired shot phasing and density. The 
loading tubes have commonly included either a plastic 
jacket to mount and hold the shaped charges to the cut 
metal loading tube, or have metal fingers formed by the 
metal loading tube to mount and hold the shaped 
charges. 



[0006] These prior art cut metal loading tubes have several dis- 
advantages. First, when the shaped charges are deto- 
nated, the metal loading tube expands due to the case 
impact and explosive gaseous expansion. As soon as the 
loading tube collides with the inner diameter of the car- 
rier, the energy from the loading tube is transmitted to 
the carrier. The metal carrier then swells outwardly under 
the impact of the loading tube and may fragment into 
pieces. This process and interaction is disadvantageous 
for numerous reasons, including swelling and or deforma- 
tion of the carrier resulting in sticking in the wellbore 
when attempting to remove the perforating gun from the 
wellbore, fragmentation of the carrier and/or the loading 
tube that may leave excessive debris that may reduce pro- 
duction from the well and/or cause sticking of the perfo- 
rating gun in the wellbore. 

[0007] Additionally, the cut metal loading tube is relatively ex- 
pensive and the metallic fingers increases the cost of pro- 
duction. The metallic fingers further provide little shock 
protection for the charges during transportation or con- 
veyance of the gun. Due to the tendency of the fingers to 
fail the incidence of misruns of the perforating gun are in- 
creased. 



[0008] The utilization of plastic jackets for the charges provides 
relatively good shock protection for the charges relative to 
the use of "metal fingers" formed by the metallic loading 
tube. However, these plastic jackets add expense to the 
perforating gun and often leave excessive debris in the 
wellbore. 

[0009] There have been attempts to utilize low density 

polystyrene as a loading tube to reduce the cost relative 
to cut metallic loading tubes. However, failures commonly 
occur due to lack of strength of the loading tube espe- 
cially at temperatures above approximately 210 degrees 
Fahrenheit. 

[0010] Therefore, it is a desire to provide a loading tube for a 
perforating gun that addresses disadvantages of prior 
perforating guns and loading tubes. It is a still further de- 
sire to provide a loading tube for a perforating gun that 
provides shock protection for the carried charges during 
transportation and conveyance. It is a still further desire 
to provide a loading tube for a perforating gun that mini- 
mizes the debris left in the wellbore after detonation of 
the carried charges. It is a still further desire to provide a 
loading tube for a perforating gun that facilitates ease and 
accuracy in mounting charges in a loading tube. 



Summary of Invention 

[001 1] | n v j ew 0 f the foregoing and other considerations, the 
present invention relates to perforating guns and more 
particularly to loading tubes for perforating guns. 

[0012] Accordingly, a loading tube for a perforating gun is pro- 
vided. The loading tube comprises cups forming cup cavi- 
ties for enclosing an explosive charge within each of the 
cups, and ridges forming valleys therebetween. 

[0013] The loading tube is created from a formed material. The 
loading tube may be formed by stamping or molding a 
material such as paper pulp, plastic, high-density 
polystyrene, sheet metal or other equivalent material. Por- 
tions of the loading tube may be cut, for example, to fa- 
cilitate operational contact of the detonation cord with the 
explosive charges. 

[0014] The loading tube is divided into at least two longitudinal 
sections. Various numbers of longitudinal sections may 
exist depending on the shot spacing and phasing of the 
loading tube. Each of the longitudinal sections is con- 
nected along at least one longitudinal edge, or fold seam, 
to another longitudinal section. The longitudinal sections 
can be folded to the closed position to form a cylinder. 

[0015] Each of the longitudinal sections forms cup sections each 



having an associated cup cavity section, the cup sections 
and cup cavity sections form part of a cup and cup cavity 
for holding an explosive charge when the loading tube is 
in the folded or closed position. Each cup and corre- 
sponding cup cavity may be shaped to match the profile 
of an explosive charge. In this manner each explosive 
charge along the loading charge is spaced and oriented to 
achieve the desired shot spacing and phasing. 

[0016] The cups and cup cavities are formed by cup sections and 
cup cavity sections formed laterally along each of the lon- 
gitudinal sections of the loading tube when the loading 
tube is folded into the closed position. Each of the cup 
cavities is shaped to match a portion of the profile of an 
explosive charge. When viewing the loading tube in the 
open position the various cup sections are shown formed 
along each longitudinal section as a row and laterally 
across the longitudinal sections in a column. When the 
loading tube is formed into a cylindrical shape the cup 
sections aligned laterally, or in the column, mesh to form 
the cups and the cup cavities. 

[0017] The formed loading tube of the present invention creates 
a loading tube having ridges and valleys. The valleys are 
formed between the cup ridges. The ridges and valleys 



provide lateral and longitudinal strength to the loading 
tube. The lateral and longitudinal strength of the loading 
tube maintains the charges in a set position during trans- 
port and conveyance into the wellbore, thus reducing mis- 
runs of the perforating gun due to the shifting of the 
charges. The longitudinal edges of the sections, or fold 
seams, may also form section ridges that provide strength 
to the loading tube. The section ridges will form valleys 
between the section ridges and the cup ridges. 

[0018] | n use 0 f the invention explosive charges, commonly 

shaped charges, are placed in each of the cup cavity sec- 
tions along one of the longitudinal sections. The profile of 
the cup cavity and the explosive charge facilitates quick 
and easy placement of the explosive charges in the load- 
ing tube to match the shot spacing and phasing desired. 
The loading tube is then folded about the longitudinal 
section holding the explosive charges. Each of the charges 
is now substantially held internally within a cup cavity by 
the various cup sections aligned laterally across the longi- 
tudinal sections. 

[0019] The loading tube may then be secured in the closed posi- 
tion in numerous ways before or after connecting the det- 
onation means with the explosive charges. For example 



purposes, the detonation cord is wrapped around the 
closed loading tube with the detonation cord in opera- 
tional contact with each of the explosive charges. If de- 
sired additional mechanisms may be utilized to secure the 
loading tube. If necessary, multiple loading tubes may be 
connected end to end to for the perforating length de- 
sired. 

[0020] The loading tube, including the explosive charges and 

detonation mechanism, is inserted into a carrier to form a 
perforating gun. The perforating gun assembly is com- 
pleted and run into the wellbore to the desired depth. The 
perforating gun is then activated detonating the charges 
in the desired shot spacing and phasing. 

[0021] The foregoing has outlined the features and technical ad- 
vantages of the present invention in order that the de- 
tailed description of the invention that follows may be 
better understood. Additional features and advantages of 
the invention will be described hereinafter which form the 

subject of the claims of the invention. 
Brief Description of Drawings 

[0022] The foregoing and other features and aspects of the 

present invention will be best understood with reference 
to the following detailed description of a specific embodi- 



ment of the invention, when read in conjunction with the 
accompanying drawings, wherein: 
[0023] Figure 1 is an illustrative view of a wellbore and a perfo- 
rating gun; 

[0024] Figure 2 is perspective view of a shaped charge loading 
tube of the present invention; 

[0025] Figure 3 is a top view of a loading tube of the present in- 
vention in the unfolded or open position exposing the in- 
terior surface of the loading tube; 

[0026] Figure 4 is a plan view of a loading tube of the present in- 
vention along the line A-A of Figure 3; 

[0027] Figure 5 is a plan view of a loading tube of the present in- 
vention shown along the line B-B of Figure 3; 

[0028] Figure 6 is a plan view of a loading tube of the present in- 
vention shown along the line C-C of Figure 3; and 

[0029] Figure 7 is an end view of a loading tube of the present 

invention folded between the open position of Figure 3 

and the closed position of Figure 2. 
Detailed Description 

[0030] Refer now to the drawings wherein depicted elements are 
not necessarily shown to scale and wherein like or similar 
elements are designated by the same reference numeral 
through the several views. 



[0031] Figure 1 illustrates a wellbore 2 extending into the ground 
from the surface 3. A perforating gun assembly 4 is dis- 
posed within wellbore 2 to perforate wellbore 2. Perforat- 
ing gun 4 is positioned within wellbore 2 by a conveyance 
mechanism 5, such as a wireline, coiled tubing or other 
conveyance mechanism well known in the art. Perforating 
gun 4 includes a carrier 6 and a loading tube 10. 

[0032] Figure 2 is a perspective view of a shaped charge loading 
tube for a perforation gun of the present invention, gen- 
erally designated by the numeral 10. Loading tube 10 is 
adapted for internally holding and carrying shaped explo- 
sive charges 12 for placement in carrier 6 to form perfo- 
rating gun 4 (Figure 1). Loading tube 10 forms cups 14 
for holding shaped charges 12 therein. 

[0033] For illustration purposes, loading tube 10 of Figures 2 
through 7 is a two foot length, five shots per foot, sev- 
enty-two degree shot phasing loading tube. Loading tube 
10 may be formed for other shot densities, shot phasing 
and loading tube lengths as desired pursuant to the in- 
vention. 

[0034] Loading tube 10 is constructed of a substantially single 

piece of material that may include several elements. Load- 
ing tube 10 may be constructed of a material such as, but 



not limited to, paper pulp, plastic, high density 
polystyrene, sheet metal and card board. Additives such 
as, but not limited to, metal, glass, plastic, carbon, natural 
or synthetic fibers, and chemicals including oxidizers, 
propellants, and explosives, may be incorporated into the 
material to achieve desired loading tube 10 properties 
such as strength, flexibility, disintegration or other de- 
sired loading tube 10 properties. For purposes of example 
loading 10 is described as constructed of paper pulp. 
Loading tube 10 is formed substantially by stamping or 
molding the material. 
[0035] Loading tube 10 may be formed in varying length sections 
or it may be desired to form loading tube 10 in a set 
length section, such as two feet. Multiple loading tubes 10 
may be connected end to end in order to obtain the de- 
sired perforation length desired. Separate loading tubes 
10 may be interconnected by various mechanisms to cre- 
ate a desired loading tube 10 for the perforating length 
desired. Loading tubes 10 of the present invention facili- 
tate ease and time efficient mechanisms for connecting 
multiple loading tubes to obtain the desired perforating 
length. 

[0036] Loading tubes 10 may be interconnected end to end by 



connecting mechanisms well known in the art including, 
but not limited to, wrapping detonation cord 32 around 
loading tubes 10, connecting the ends of adjacent loading 
tubes 10 with an adhesive such as tape and/or stapling or 
tacking the ends of the loading tubes 10 together. Addi- 
tionally, loading tube 10 of the present invention permits 
ease of alteration of a loading tube 10 by cutting a load- 
ing tube to achieve the desired perforation length desired. 

[0037] Loading tube 10 is formed to have longitudinal sections 
16. Each section 16 having a first end 18 and a second 
end 20. The number of sections 16 is determined by the 
shot density and shot phasing of loading tube 10. Each 
section forms a section ridge 22 that provides strength to 
loading tube 10. 

[0038] Each section 16 forms a portion 14' of each individual 
cup 14. The external surface 24 of cup portions 14' ex- 
tend outwardly forming cup ridges 26. Valleys 28 are 
formed between the section ridges 22 and adjacent cup 
ridges 26. The combination of section ridges 22, cup 
ridges 26 and valleys 28 enhance the longitudinal and lat- 
eral strength of load tube 10. 

[0039] Cups 14 have cup backs 34 formed to dispose the charge 
back 36 of shaped charge 12 therein. A slot 30 is cut at 



the cup back 34 of each cup 14 to substantially expose 
the charge back 36 contained in the cup 14. A detonation 
cord 32 is disposed within slots 30 to contact the charge 
back 36 of each shaped charge 12. It may be desired for 
slots 30 to have a non-linear path to secure detonation 
cord 32 within slots 30. Further, by wrapping detonation 
cord 32 about the exterior 24 of loading tube 10, loading 
tube 10 is secured in its folded or closed and completed 
form as shown in Figure 2. 

[0040] Figure 3 is a top view of loading tube 10 in the unfolded 
position exposing the interior surface 38 of loading tube 
10. Loading tube 10 is formed by stamping or molding 
and may include cutting sections of loading tube 20. Each 
section 16 is divided from the adjacent section 16, along 
at least one longitudinal side, denoted as a fold seam 40, 
extending along the longitudinal axis of loading tube 10. 

[0041] a s has been described, each individual cup 14 is formed 
by cup sections 14 'of each section 16. Each individual 
cup 14 forms a cup cavity 42 for fittedly disposing a 
shaped charge 12 therein. As shown in Figure 3, each in- 
dividual cup cavity 42 is formed by cup cavity sections 
42' defined by each cup section 14'. Each cup cavity 42 
is defined when loading tube 10 is in the folded or closed 



position as shown in Figure 2. 

[0042] c U p cavities 42 are formed in the interior of loading tube 
10. Each individual cup cavity 42 is formed to fit the pro- 
file of a shaped charge 12 in a set orientation. The se- 
quence of cups 14 along the length of loading tube 10 are 
oriented so that each cup 14 is directed in the desired di- 
rection to achieve the phasing desired. Ten shaped 
charges 12 are shown positioned along the middle longi- 
tudinal section 16 (identified as 16N) to form a two foot 
long loading tube 10. Each shaped charge 12 is fitted into 
a cup cavity section 42 'defined by section 16N. It should 
be noted that 16N may be any of the sections, but is illus- 
trated as the middle section 16. Each cup 14N and corre- 
sponding cup cavity section 42N is shaped to fit the pro- 
file of a portion of a charge 12, thus orienting shaped 
charges 12 in the proper alignment to achieve the desired 
shot phasing. As shown in Figure 3 loading tube 10 is 
prepared for folding to the closed position for completion. 

[0043] Figure 4 is a plan view of loading tube 10 shown along the 
line A-A of Figure 3. As shown along the middle section 
16 (identified as 16N) of loading tube 10, each shaped 
charge 12 is positioned within a cup portion 14N formed 
by section 16N of loading tube 12, thereby positioning 



each shaped charge 12 in an orientation to achieve the 
shot phasing desired. Figure 4 also indicates how individ- 
ual cup sections 14N formed by each longitudinal sections 
16 laterally across loading tube 10 (illustrated along lat- 
eral line A-A of Figure 3) form an individual cup 14. 

[0044] Figure 5 is a plan view of loading tube 10 shown along the 
line B-B of Figure 3. This Figure provides a side view of 
the various cup sections 14N and cup cavity sections 42N 
formed along a longitudinal section 16. 

[0045] Figure 6 is a plan view of loading tube 10 shown along the 
line C-C of Figure 3. This Figure discloses shaped charges 
12 being placed in each cup cavity section 42N (Figure 5) 
of longitudinal section 16N. Each shaped charge 12 is fit- 
ted into the shaped cup section 14N orienting shaped 
charges 12 into the desired shot pattern and the desired 
number of shots per foot. 

[0046] Figure 7 is an end view of a loading tube 10 of the present 
invention folded between the open position of Figure 3 
and the closed position of Figure 2. In this view shaped 
charges 12 have been placed in the cup cavities sections 
42N of section 16N. The remaining sections 16 are then 
folded around shaped charges 12 placed in section 16N 
resulting in the closed version of loading tube 10 shown 



in Figure 2. 

[0047] with reference to Figures 2 through 7, it should be recog- 
nized that loading tube 10 may include varying numbers 
of sections 16. Figures 2 through 7 show a five shot per 
foot loading tube 10 having a shot phasing of seventy- 
two degrees and having six longitudinal sections 16. For 
example, a six shot per foot loading tube 10 having a shot 
phasing of sixty degrees may include only three longitudi- 
nal sections 16. Another example is a four shot per foot 
loading tube 10 having a shot phasing of forty-five de- 
grees may have four longitudinal sections 16. 

[0048] Preparation and use of loading tube 10 of the present in- 
vention is now described with reference to Figures 1 
through 7. A shot pattern and shot phasing is chosen for 
a perforating job to be performed, such as a five foot shot 
per foot pattern with a shot phasing of seventy-two de- 
grees. A loading tube 10 length, such as two feet is se- 
lected. A material of construction is chosen, such as but 
not limited to paper pulp, plastic, high density 
polystyrene, sheet metal and card board. Desirably the 
material of construction is chosen as to be readily avail- 
able, inexpensive, lightweight, limiting interference with 
the perforation process and providing the physical prop- 



erties suited for support of charges 12 pursuant to the 
wellbore 2 conditions, such as temperature and the well- 
bore fluid, that are to be encountered. 

[0049] For purposes of example the material of construction of 
loading tube 10 is a paper pulp. Paper pulp is stamped or 
molded to create longitudinal sections 16 wherein each 
section 16 forms cup sections 14N indicated along the 
line B-B of Figure 3. The paper pulp may include additives 
to provide additional strength or other characteristics de- 
sired for the wellbore conditions. This process and design 
forms ridges 22, 26 and valleys 28 that provide both lat- 
eral and longitudinal support for loading tube 10 when it 
carries shaped charges 12. The present invention provides 
that loading tube 10, no matter the material of construc- 
tion, is substantially formed by molding or stamping in a 
flat configuration that may then be folded, or rolled, into a 
substantially cylindrical, closed loading tube 10. This pro- 
cess of forming loading tube 10 reduces the costs of pro- 
ducing loading tube 10 and facilitates the creation of 
ridges and valleys for strength. Although it should be re- 
alized that portions of loading tube 10 may be cut. 

[0050] The adjacent cup sections 14N of each section 16 are 

spaced to achieve the desired shot spacing, such as five 



shots per foot. Additionally, cup sections 14N are laterally 
aligned between the sections 16 (shown along the line A- 
A of Figure 3) to form individual cups 14. Each cup section 
14N defines a cup cavity 42N that is configured to match 
the profile of a portion of a shaped charge 12 so that 
when loading tube 12 is folded about shaped charge 12, 
shaped charge 12 is contained within cup cavity 42 
formed by cup 14. 

[0051] | n preparation for performing a perforation operation an 
operator places a charge in cup cavities 42N formed by 
the cup sections 14N along a longitudinal section 16N. 
Each of the shaped charges 12 is fitted into the cup sec- 
tion 14N pursuant to the profile of shaped charge 12 and 
the cup section 14N profile, thereby orienting shaped 
charges 12 in the desired shot phasing. 

[0052] Loading tube 10 is then folded so as to substantially form 
a cylinder, having ridges and valleys, wherein each of the 
shaped charges 12 are substantially encapsulated within 
cups 14, formed by cup sections 14N laterally aligned 
across loading tube 10. Loading tube 10 may then be se- 
cured in the closed position for transport or be assembled 
for detonation. Mechanisms for securing loading tube 10 
in the closed position are numerous including utilizing an 



adhesive such as tape or other known adhesive, mechani- 
cal attachment mechanisms and/or wrapping of the deto- 
nation cord about the closed loading tube 10. 

[0053] Detonation cord 32 is placed into and secured within slots 
32 so as to be in contact with shaped charge back 36. It 
may be desired for slots 32 to be linearly offset and/or 
sized to securely hold detonation cord 32 in a set posi- 
tion. It may further be desired to wrap detonation cord 32 
about the circumference of the closed loading tube 10 to 
secure loading tube 10 in the closed position. In order to 
achieve the desired perforation length multiple loading 
tubes 10 may be interconnected. For example, ten two- 
foot length loading tubes may be secured end to end 
(preferably end 18 to end 20) to create a twenty foot per- 
forating section having a set shot per foot and shot phas- 
ing. The present invention also provides ease in cutting a 
loading tube 10 length to adjust the overall length of the 
perforating gun length. 

[0054] upon closing, loading tube 10 may be secured and in- 
serted into carrier 6 to form perforating gun 4. Operation 
of perforating gun 4 utilizing loading tube 10 of the 
present invention may then be performed as is well known 
in the art. 



[0055] From the foregoing detailed description of specific em- 
bodiments of the invention, it should be apparent that a 
shaped charge loading tube system for perforating guns 
that is novel has been disclosed. Although specific em- 
bodiments of the invention have been disclosed herein in 
some detail, this has been done solely for the purposes of 
describing various features and aspects of the invention, 
and is not intended to be limiting with respect to the 
scope of the invention. It is contemplated that various 
substitutions, alterations, and/or modifications, including 
but not limited to those implementation variations which 
may have been suggested herein, may be made to the 
disclosed embodiments without departing from the spirit 
and scope of the invention as defined by the appended 
claims which follow. 



